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SU!,a!ARI 

The project to study tho turbulent diffusion flrjao^^^, by 
the Dopartaont of Clienicol En^inoorin" of tho California Institute 
of Teclinology, io quite comprehcnsivo* Only a snail portion of tho 
project was included in the scope of this thesis# 

A stud^’’ ';rill be raado of tho turbulent diffusion flame that is 
formed when fuel gas io introduced, tlirough the end of a 1-inch- 
dianoter tube, into air, flowing in a 4-inch«KliQmoter tube, and 
combust ion is started. The plan of investigation is divided into 
two parts. First, a study ttHI be made of tho mixing zono^^) when 
combustion io not occurring; and secondly, a study will be made of 
tho coilbustion zone when combustion is taking place. 

Tho work accomplished in the scope of this thesis was the 
design and eocistanco in tho fabrication and assembly of the oquip- 
mont necGSsarj” to conduct this investigation. This was completed 
with the exception of tiie sampler to be used in obtaining samples of 
the burning gases. In addition, one series of toots was made at one 
stream ve3.ocity. 

Tho equipment functioned very well during tho series of runs, 

Ro commendations for a few minor changes are included in this report. 
Tlio incorporation of these changes should increaoo slightly both the 
speed of taking data and tho acc;u:acy of the results. 

The results obtained in the series of tests indicated that tho 
desir 0 <i data can bo obtained with this equipment. 

(1) Turbulent diffusion flame - a flame formed in the mixing sono 
of two gaseo diffusing into each other. 

(2) I'ixing Zone - tliat soction inside of t’rc combustion tube down- 
stream ftor\ the ond of too gas inlot tube. 



STATE. E^T OF THE PRCOLSl 



A Qtudy \yill bo nr.de, by tho Department of Choiaical 
En^5 neoring of the California Institute of Technology, of tie 
turbulent diffusion flano tlict is forced when fuel gas is intro- 
duced, tbrc:igh a 1-inch-dianeter tube, into air, flor?ing in a 
/,-incl -dienetor tube, and combustion is started. A schematic 
drawing showing the Arrangenent of Apparatus is shown belov/; 

» Air 



Gao 



Air 



Zone of 
Conbustion 



Tho two Main objectives of this project arei the determinat- 
ion of the cbaractoricticc of the zone of combustion; and the corre- 
lation of the results obtained from a study of the mixing zone wi^en 
combustion is not occurring with those obtained when conbustion is 
taking place. It is believed tliat tho results will be analogous to 
those found by Burko and Schumann^^^ for the ''olectilar diffusion 
case. , 

Tho iiGtoocx of investigation of the problem will be as follows: 
First tho diffusion, under turbulent flow conditions, of fuel 
gas air without conbustion occurring will be studied. The air 
and fuel gas will be introduced into the combustion tube at the 
sacK3 temperituro and average velocit;^'. An attempt will bo made to 
VOI7/ tho turbulence. Concentration of fuel gas, pitot tube pressure, 
and thernocouGlo eloctronotive force measurements will bo nc.do at 
various locations along the longitudinal a>:is of the combustion 
tube. At eac'' of these locations, meacuroments will be made on a 

(1) Burk Schuriann - {Dif\iGion Flanios) - Ind. Eng. Cbem'. , 

22, 998 (1928) 



traverne alon^ a dianetor of tl'o 4- ■ nch^diamoter coiribustion tube. 
The eqnipnent cl^ould be capable of making the traverse noasure- 
laents at 0.050 inch intervals in regions where tl.o rate of cLango 
of concentration is high eriough to warrant it. Velocity and 
turiailenca will be varied through predetormin*od ranges. 

Next, a study of the diffusion of fuel gas and air witli com- 
bustion occurring will be made. In general, the procedure will be 
the same as for the previous study with an attempt boing ir.de to 
dupllc-itc the conditions insofar as possible, that uoro obtained 
in the mns without combustion. 

71ie work accoir.plish»od on the project, that is included in tI:o 
scopr) of tl:is thesis, was to der ign and assist i:i tho fabrication 
and assembly of tho equipment necessary to conduct the pre-com- 
bustion phase, and to mke one series of runs. 



Disaissio:. ai.d descripticn of the equips 



It was origin a lly plannod to include in tl^>is project several 
sizes of coDvivstion tubes and several difforont gaseous fuels, 

W]ien it ^8 decldod tb.at copper or stainless steel tubing would 
bo required for the cc*::bustion tube, the scarcity of these materials 
made it noccssary to limit the project, for the present, to the one 
coi bustlon tube of 4-inch -diameter, ertca strong, copper pipe. Also 
the cost of using gaseous fuels other than fuel gas was fojnd to be 
prohibitive for a complot investigation. At q later date when moro 
Is known about the subject, it may be feasible to use other gaseous 
fuels for specific tests. 

The design, fabrication and assembly of the equipment for this 
project is complete with the exception of the sampler to be used in 
the conbustion zone while combustion is occurring. It has tenta- 
tively been decided to use the isentroplc cooling tyr>e for this 

\ 

purpose, Mr, Gilmore of the Department of Chomical Engineering, 
California Institute of Technology’' has completed the design of a 
sampler of this typo. 

A description of the rest of tl'JO oquipment is given below: 
Scheinatic drawings of the apparatus are shown in Figures 1 
and 2, A view of the entire test section is shown in detail A of 
Figure 1, The combustion tube aosombly is shown in detail 3 of 
Figure 1, The combustion tube, part A, of detail B is made of 4- 
ind*', o:rbra strong, copper pipe. 

The cooling jacket, part B is 6-lnch standard brass pipe 
which is sealed to the conbustion tube with expansion seals, part 
C, The jacket is provi"‘’od wit^ -'.^.inch brass pipe cooling water 



f 
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ontx-incc and exit lines (not shoiTn) • Tliorc are eleven sanpling 
ports located along tho longitudinal 02:13 of the cocbustlon tube, 
as shovm on dota5.1.A of Figure 1, Tho construction details of oro 
of those ports are shoun as part D on detail B of Figi'^re 1. Tho 
sampling tube, part E, is reado of teo concentric metal tubes and 
io similar to a pitot tube. The outside tube ic made of standard 
brass tubing i/ith an outside diameter of I/8 inch. The ineido tubo 
ic made of stalnloGS steel tubing Trlth an ins Ido d^rmotor of 
0.03125 inch and an outside diameter of 0.O625 inch. Tho samples 
will be drairm in rough th© stainless stool tubo. Tho annular 
space botwoon tho brass and steel tubes serves as tho static pressure 
chamber whon tho sampler Ic usod as a pitot tubo. In addition, tbono- 
couple loads (not sh.orm) are run in this space to tho top of the bend 
in the tu^x^. They will bo used to determine an apparent tempore ture 
of the air ctroam. The botten of tho sampling tube rests on an 
inverted vernier height moasuring gauge. The location of the sampl- 
ing tubo inlot above or below the centerline of tho conbustion tube 
can be measured to an accuracy of 1/500 of an Inch. A piezometer 
wil'J bo located near each end of the combustion tube to obtain the 
av^^ragG static pressure at t-hose points. Thermocouploo will be 
located in the combustion tubo wall at each of tho five points vjhich 
are cpac*oc" 12, Ic, 24# and S4 inches from the upstream ond of 
tho co'.bustion tube. Tho co:ibustion will bo start od by a spark 
plug (net nliown) inserted in one of the sampling ports. Tho fuel is 
introduced to the air otreaiu frea a 1-incli-diameter, copper plpo, 
part G, Figure 1. The outside surface of this pipe has been coni- 
call.y tr.porfV’ and polisl'Od. Tho dianetors of tho co^^bustion tube 1 
I an inlet t'.*br choeon go ar> to provide nearly a stoidiomotric 
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miicturp ^or ccnbust.ion at tbo caao velocity of flCTir. The 

arec. ration of tbo two pipes is 12:1* 

The air induction cysten, niade up of ducts A throuf’: Q in 
F1(Xcltq. 2, dolivors metcsC air to the conbustion tube at a pre- 
do torrained tomperature, within 0.1® F. The air velocity can be 
varlod, by raeans of a variable speed blower, so as to provide a 
Roynol<3s number ran^e of from 25,000 to 300,000. Tho air is taken 
from the outside at^oophoro at duct A whero it is filtered and 
heated. Tho blower is loca.tod at G. Additional heat can be added 
at duot K by tho autonatic air temperature control. The rate of 
air flow can bo measured by t^c Venturi meter, I. Turning vanes 
are provided in duct il and a honeycomb section in duct 0. The air 
enters the combustion tube, part R, Figure 2, after passing through 
the contraction soctions P and Q. 

A burner (not shown) to bum the air-gas mixture during the 
runs t}iat are made without conbustion, is locatod at tho end of the 
combustion tulx3. Tho burner is made of standard 8 Inch diameter 
steel pipe 12 inches long. Two hundred copper tubes 1/4 inch in 
diameter are locatod longitudinally in tho stool pipe. The copper 
tubes are held in place by soldering to two end plates, of 3/B inch 
brass plate, that have been drilled to allow the copper tubes to 
pass through. 

The combustible gases pass through the inside of tho copper 
tubes and are ignited at tho outside surface of the downstream end 
plate by means of a pilot light (not shown) . The tubes and end 
plato ere cooled by water, which is circulated inside of the stoel 
pipe and end plates and outside of the copper tubes. 
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7ho oar^plcG ootainod vjoro analysed by a gas density method* 
TIio prossuro noasuroments i7ore mde by aoans of rater-in-gleeo 
cianoLioter and by a norcury-in-glao baroooter, A White potontio- 
neter vyill bo used for the meaBuremonts of the thercioconpl© 
eloctroaotive forces* 

The entire test section was built to close tolerances so 
that accurate results might bo obtained* Since It was anticipated 
tlmt the location, relative to the test section, of tiio critical 
rogion in tho mixing cone would vary for different average otreaa 
velocities ; provisions for accurate measurements were nade along 
tho major portion of the test section* Tho eanpling ports were 
located along the longitudinal aids of tho combustion tube to on 
accuracy oft *003 inches of the horisontal centerline of tho 
combustion tube, ard the angular displacement in any direction 
ftroa the vertical diameter of tho combust ion tube did not exceed 
HK 30 rainutes* The upper surface of tho sampler sleeve and the 
sampling port plugs fit r/itiiiii .001 inches of tho inside surface 



of the combuotlon tubo 



TEST R LT3 C3TaT;.RD 



La 

In th'j Dhort tLzo that T/ac available al*ter the equipment tos 
co3p7.oto:], it v;as oecid )d to make ono series of test at one stream 
velocity in an attc.i:pt to ascertain the capabilities of the equip-- 
iierrt and to locate any inherent wealmcsses in the design. 

Four samples Trorc taken at each of five sar/inling ports* The 
ports where samples were taken are labeled Stations 1, 2, 3, 4, 5| 
and are 3, ?, 17, 35, axd 71 inches respectively from the and of 
the fuel inlet pipe. 

At each of the five stations, four samples were tvaken along 
a radius from t!ic conter of the combustion tube downward* The 
four sariples were labeled A, 3, C and D and were taken along the 
described radius, at -^inch intervals, from thx centerline of tho 
conbjstion tube. Sample A being taken s.t tho centerline and Samples 
B, C and D being taken at a radius of v, 1, l{- inches respectively. 

T!»c average velocities of the inlot air and tho fuol gas were 
adjusted so that tho velocity of the fuel gas, at a point 0.25 
inches from the inside of the l-lnch-diamot(^r fuel feed line, v;ao 
equal to tho velocity of tho air, at a point 0.25 inches from tho 
outsf/'o of tho l-lnch-Kiiametor fuel food line* Both measurements 
v/aro !iade one inch upstream from tho point of milling and wore 
doterciinod by pitot t'.^'be readings* The average volocitios were 
held constant for tho rest of tho runs* 

It had originally boon intended to niaintain tho two flows at 
lOf.O^. 0.2^ but duo to tlie failure of the inlot air heating 
circuits just prior to starting the inmo, the temperature of the 
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;^an 05 vovQ held at Cr.O ^ 2*0^ njinually controlled heating', 

L > Procodiiro 

Tho procedure follorrcd in u^aking a determination is out- 
lined belcws 

1. The caapler nas put in the proper campling port and 
the sampling head was elevated to the top of the combus- 
tion tuoG, The residing on the vernier height measuring 
gaure iras then ssade. The sampling head was then lowered to 
the canter of tho combustion tube* To do this accurately 
the pointer on the vernier height noasuring gauge was 
loworod by an amount equal to the known radius of the 
combustion tube less the known radius of tho pitot tube* 

The saEipler was then in position for Sample A* 

2* Tho sampling head was then rotated until the ca^dBum 
velocity head reading was obtained on tho manometer* This 
located tho position of the head directly upstream* The 
pitot tube reading was then taken. This procedure was not 
ontirely satisfactorj'* For rocommended Improvomont see 
page 15. 

3* A cample bulb, wl.ich had previously been evacuated to 
an absolute pressure of 1,5 millimotsrs of mercury, vas 
then attached to a sampling tube, Tho sampling tube v;as 
connected to the inside tube of the sampler. By means of 
a stop cock, the flow into the sampling bulb was regulated 
so that the pitot tube manometer rc»ading was sore. This 
insured that the sample was being withdrawn at nearly the 
sane velocity as tro flow at the point of sampling. 
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TiiC SG-plo vcloc:^-t 7 aas less than t’le velocity of tVio 
^t t' point of oanpling by an aniount equal to tiie 
preosur-:' drop in tho lino fror/i V. c pitot opening to the 
inanoiTictGr. This pressure drop v?as considered to be very 
□nail since the s’^^est restriction was at the opening into 
the strean. 

After the stop cock had boon tumod fully o]>en, the 
sair.plo bulb was left connected until th.e original pitot tube 
reading was noted* This nethod gave a definite, stable 
pressure at v/hich the sanple was known to have been taken 
and could thon bo corrected to stendard conditions very 
easily. 

4. A thermooGtesr located near tho sampling bulb during the 
sai 25 )ling per'^od was read to give the tenperature of the gaa 
collected. 

5. The sampling bulb vtus then weighed on a balance to an 
accurac:’' of 1 milligram. 

5. The samiilor 7;cs then lowered C.5 inches by iiroans of the 
vernier heiglit gauge to position B and the procedure repeated. 

Li 

TliO data obtained from this series of runs are tabulated In 
the Appondij:, Sections 1 through 3. 

Tl"*o calculations roquii^ in tho presentation of the data 
obtained T/or*' very cinplo. As an example, those for Station 2, 
Position B, arc given bolow: 



u - 



1, Weight of SjuiTiple. 



Tare 


26.3304 


grams 


Bulb and sample 


25.6050 


grams 


Sample 


0.7754 


grams 



2, CoiTGction for Temperature and Prosoure changes. 

di PiTa X da and since the volume 

PHTi 



of the serple tos constant V70 wlte: 

" Sr 

Lot be T;eight obtained fro?r the sample troigh^nrs 



and be tlio sanplc i^eight corrected to standard 

conditicps. - 

• • O * 0.7764 0.0-M S?an3 

* fiyxm ^ X rO 



Nov/ t!-3 vTolght of a sanple of fuel gas » 0.742 grams 
and tlie uoight of a sojnple of air » 0.991 grans at 
0^ centigrade and 760 nillineters of mercury absolute. 
The value, of the weight of the fuel gns, checked qu^te 
closely with that given by tho Southern CeliforniG Ges 
Company. Therefore wo nay calculate the percent f^;el 
gas in the sanplo by the following equation: 

% Puol ^3 " 0;991 - .n. of Sg a n a. a 100 

, 0 . 991 ^-^^ 742 ^ 

% Fuel eas in 2-B e &!99l - o!'!^ 3 100 « 46.9^^ 

A list of these rosi Its is given in tlie Appendix, 
Section 4* 

3. Calculation of Average stroain velocity. 

Tl.e average stream velocity was computed by taking 
t }’»0 average of the velocities of the inlot air and 
t]ie inlet gas in proportion to their respective 
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aroas • 

a. Calcrxlc.^ior Inlet Gac velocity. 

An '^riflco meter ^’ith a square-e<^vod orlflco plate 
c.f 0."^ In. \7ns InstnlloG in t'^e inlet 

C-ac line. The nanometor roedinc across tMs orifico 
plate Tvas 2,95 inch'^c of ’"nt«r. Uain'^ t'"^ for*nala 
rl'^on in ”Fluid Itietors”^^) for t*'>e calcT’'lation of 
flo*^ 'n' r onnnro-ed^'ed orifice vre havro; 

qi (o.f»8* nt Pxfti) a 0»0C0G3 KYiDs 
TThero 

a « Sp, "TPV. of (airs* l.O) « 0.748 
B Diff. press, in inches of water » 2.95 
1C * Flow Coeff. = 0.7047 at Ro. a 75,000 (Table 6) 
rs Absol. press, in pounds per sq. in, a 14.45 
Tj^ m Absol, temp, in ^ « 549 
7 « Super-ccKnprcosibility factor « 1,0 
Dt • Orifice plate dlar^ter in inches** 0,80n 
Tx ■ Erq^ans^ on Factor 0.998 fro’j Fiy, 72 - 
"Fiiiid Leters” 
therefore 

Qi o O.0GO68 X 0.7047 x 0.908 x 0.64 (i4?fetj^748 s 

qi « 0.3o6 c.f.s. at 549® B and 746 ixu 1%. 

7/>/^ 460 

Go ** VGO ^ ^ 0#i33S ** 0#2V6 at 4C0^ R and 

760 rtru !!§♦ 

th«^afore 

qp 

V«-»]oc^’ty »ig55 ■ ■ 50.7 ft./scc. 

(\) tSy-E P.cna-nrr'’- P-ihi. - > oton) - kZlX, /.H^ Ed. . 50 (1937) 



- 13 



Reji-nolr's *'io. check; 



P.e 












ol,700 



Kck? K » 0.7195 at Re “ 31,700 (Table 6) 



. * . Velocity «= * SO.Ts^.Bft./soc. 

b. Calculation of Average Inlet Air Velocity. 

A Venturi motor T?as installed in the inlet air lino. 

Tho rsanoneter reeding across the Venturi was 7.0 inches 
of water. Using the foimilao given in "Fluid i'etera", 
pg. 127, for the calculation of the weight flow of e 
gas tlurough a Venduri meter wo have: 

x/fi 



0.0596 (Pi P») 



where 

Od » Gooff, of Dlschargo 

Bfi ■■ Die. of Venturi throat in inches ** *2.404 
B ® Ratio of throat (2ia. to pipe dia. ® 0.40 
(J = Spec. gr. of gas (Air 1.0) “ 1.0 
Ps ® Absol. Press, at throat in lbs. per sq. in. 

* 14#20 

px • Abeol. Press, at Entrance in Ibc. per sq. in. 

“U*43 

Sx « Absol. Temp, in 9R « 549 

* I. 1 CGD rate of flow in lbs. per sec. 

To determine ostinato Re **100,000 
then 



^ ( B *» #5) O.Of'O fron Fig. 63, "Fluid lleters" 



u - 



tlien 

Oj) (B » *4) «7s 

therefore 

Qj) (B« ,4) K 



^ ^ 

(i-B^) + - 0.9^) 

^1.5 



« 

<’--.4^) +^(Isfc^ e 079375) 



x/a 



i/« 



G 3 (B a .4) « 0,903 



then ' 






2.».Qajc 

549 




W - 0,373 rjs./aoo. 
thorofore 

Volooity. ^ a ,.,^a2a 

.074 X ,0736 



a 66,7 ft./sec. 



Re B r. m 135,600 

1.56G 2 10" 

There is no chan£:o in between Ro 0 100,000 and 
135,600. 

c. Calciilation of avwago stream velocity based on area 
ratios. 



Averac© Volocityw 






» 51,8 * xi“ + 66#7 



Average Stream Velocity ■» 65.5 ft./soc. 
Calculation of Average Reynolds Nunbor. 

lions uo HF" * l*ao\[^l5 ^ " 

VJhere I — Kinoortic Viscosity of gao nlxturo. 



20 Si- 
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DISCUSSION 



A. Funct3.orJ.n.e or Sciulpucnt 

TI G equipmont functionod verir woll durr^ng tho cericc of tests 
t'lat rrere xc^cIq; horrcver, duo to tho elesiontary nature of these 
toots, tho oquipsiont cennot bo cons'Lclcrod to havo had a thorough 
"ohakodoTTn” toot. 

It wao discovorod, quite sono ticio after tho tests viere con- 
plotod, that tliG lino loading free the static side of tho pitot tubo 
to the isanoDoter TTas plugged. Thle indicated that the pitot readings 
were made ;i 5 rlth a closed nanonotcr systen. Therefore the values 
obtained from these readings noulcl be valid for conperitive purposes 
but not in determining the absolute magnitude of tlie quantities. Tho 
toots T/ould hiavo been repeated if cuffioiGnt tine had been available. 

During the mnnlng of the tests . it bocane evident that ec^ie 
jjinor changes in th.e equipment should be made. These are outlined 
below: 

1 . The sampler should be provided with oomo positive moans of 
locating tho sampler head directly upstream. This r;ould 
eliminate the trouble of locating the sampler head at eacli 
position, end would bo nore accurate than the determination of 
its location by the pitot tube manometer readings. The slight 
doscropancies in tJ'io pitot tube manometer readings that were 
obtained in the series of tests are believed to linve been 
caused by the improper location of the sampler head. 

2. A support should ho installed near the sampler to carry 
the X7cight of the pressure and sampling lines. Tho sampler 
tujeo are go cnaV that the weight of tho linos and fittings 
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C-ttciC^oC. %Q t c.n oauGQS ti-O tubes to doflect appreciably* 

S'. A .*oro sonsiVvo valvo, oucb as a noedlc valve, installed 
in tie Aid line uould be quito holpAil in adjusting 

t’*>c inlet fuel ras velocity. 

4. Tbo bracket tliat attnebes tho vernier l:elght ineasuring 
f.*augo to the sar^plcr sloeve should be ro;vorked so t)'Jat it has 
the casjo shape eo the sonplor sleeve at the point of attach- 
uient. This r/ould facilitate the installation and removal of 
the sanplcs from the sampling ports since the sampler sleeve 
urencl'' t^ould fit more easily, 
gj , Agg^iragy <?S. P.Qptiltg 

The results obtained fron the series of tests indicate a 
precision of about one porcont in the percent fuel gas in the 
cornplo. The probable error of the absolute value of the percent 
Aid gas varies £Vom 36 percent at n concentration of 4.4 percent 
fuel fgas to 2 percent at a concentration of 99.1 percent fuel gas. 
For the present investigation this should be sufficient since the 
relative compositions arc of priraary importance. Tie pitot tube 
nanometor can be road to an accuracy of t770 millimeters, and since 
this roading is used <‘nly as a correction factor in determining the 
compcsitlon of the sarnie, this error is negligiblo. 

C. PiBcusslon of Rpsatc 

T!:e results of the series of tests liave been plotted on throo 
rrap.-s, Firruros 3, 4 an'** 5. 

Figure 3# ic’'. gives t-’’£> plot of the concentration along tho 

craoust’on tube p.t t'^o various positions, is of value only in 
o^ter dBing for future' investigation, horj far dormetrean from the 
pc ‘rt of i'^'joct‘on th^ saiiol:ng sVoulcI take place. 
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Figure 4j gives the plots or the concentrations ct a cross*- 
CQctlon of the flon for each of the five eacpling stations. If 
it is noted that Position B, which corrosponds to a point 0.5 
indies from the conterlino, is tho point iriiere the fuel gas and 
air flot/s oeet; then it is apparent that the shape of the concen- 
tration curve on each side of this point is noarly identical for 
each individual station. 

Using the values for the upper and lower combustion linite 
of nothano, ethane, propane and butane given by Cowa.rd and Jones^^j 
and assuming a fuel gas composition as given belowi 

tilethano 85 percent 

Ethane 15 percent 

tio can calculate tlie upper and lov;er coisbustion Halts of the fuel 
gas by the formula of Lo Chatelier as modified by Coward and Jones^^i 
Tho equation is as fononss 



Lo 122 

in Wilioh pj, pa, and ps ,,, ere the proportions of each conbustiblo 
<'as present in tho original mixture, and , Ts, and Us ... are the 
lower lifoits in air* for each combustible gas soparateH, l?ow, sub- 
stituting in tho equation for tho lower Unit, we have; 



L o 




• 4 , 83 ^ 



Aloe doter-ninin," the upper Unit b^r an analogous equation, we have: 



U » - - -lOQ = 13.0^ 

14,0 11.75 

..ow, using the values of t'^e upper and lower combustible Units thus 

obtainof'!, the zone of co.-bustible gas along the combustion tube is 

(1) Covaiti <f; Jenoo - Lincts of Inflami.iabillty of Gases and Vauors, 

Bull. 2', ’9. US. Dent, of Coarerco - 3Q'’r‘ 



choCT in rif^e 5. This plot ie. not considorod t'.ccurrito s1iiC-.i an 
^noufT^clent nunber of sauzples txere taken to accuratelj^ doterxilno 
the sb.ap3 cf t-^e zone of coribuctible (tasos. 

T' 0 calciolntion of tl^o avera'^o strean velocity was based on 
average of the pitot tubo r lading taken at tl.e four positions. 
The fuel air ratio tl^at ie obtained, .;ben equal avora^^e stroaia 
velocities are naintained in tie two feed lines is 1:12, 

D. RocoLaendations for Furtl'gr Tork; 

Based on tie results obtainod, It is believed that a preat 
deal of very int^ireGtiir^ data can bo obtained v/ith this equipment 
and tho accuracy of results will be satisfactory for a preliminary 
investigation of this kind. 

It would be very interesting to check the shape of tho concen* 
tration curves of Finiro 4 on each side of tho point of mixing, 
Tl.is T7ould define more closely t:te zone of combustible f^oes show 
in Figure 5. 

The investigation of the effects of the various parameters on 
on the diffusion of the fuel gas into the air will entail a groat 
deal of work; however, it is possible to get data quite rapidly 
using the graviraotric determination of tho gas concentration. It 
is sincerely rogrotted that sufficient time was not available to 
obtain a ere complete set of data for presentation at this time. 
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FIGURE 9 
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TIig data ar^d calculation r-'^oots included in tae Appendix ar© 
divided into four occtionc. The material included in each section 
ia outlined below: 

Section 1, pages A - 2 through A - 4 includes the cenple bulb 
weigliing data. 

Section 2, pages A - 5 and A - 6 includes the air and gas 
supply laanometor readings and the sanplo position readings taken 
from the venier height r.ossuring gauge. 

Section 3, pages A - 7 and A • 8 includes the Pitot tube mano- 
meter readings and th.o sample temperature readings. 

Section 4| pages A - 9 and A - 10 includes the calculations to 
obtain the values of t\\e percent fuel gas in each sample fi*om the 
data contained in Sections 1 and 5. 



A - 2 



Saction 1 - Data 



2 liny 19*17 - 



Bulb Ho, 

nu of Bulb + Air 
7!%, of Bulb 
Wt. of Air 



4 

139,6004 gr, 

X2a.7m, sr- 

,0863 ST, 



5 

165.7730 gr. 

iaS.3.7^5 gr. 

,5985 gr. 



Anblent ’Tom), ■» 26.5® 0 Aublgnt Prooauro » 746.0 nn. 



Station I 



Bulb # 6 - 5bro - 165.1745 gr. BUlb # 4 - San^le - 165,1745 

t58>7g41 

26.3804 



Position A 




Position 0 




Taro 


26,3304 


or. 


Taro 36,3804. 


gr. 




25.7230 


gr* 


25.5Q<3Q 


gr* 




.6574 




.8804 


gr* 


Position 3 




Position D 




Taro 


26.3004 


gr. 


Taro 26.3004 


gr* 






gr. 


25^y)Q5 


gr* 




.0234 


gr. 


.6799 


gr* 



Station 2 



Position A 
Tare 28,3004 

25*7302 





Position C 






gr. 


Taro 26,3804 


gr. 26.3804 


gr 


gr* 


25.43SQ 


gr. 25.4040 


gr. 


gr. 


.9454 


gr. ,8964 


gr, 



6604 






A - a 
Soctlon I 



Poaition B 
laro 26.3804 gr. 

,7754 gr. 

Anbiont 743,5 Station 3 



Poaition D 

Taro 23,3304 gr. 

Sr. 

.8804 gr. 



Position A 




Position C 




Ttsre 26.3804 


St. 


Tara 26.3804 


St. 


25,6055 


St. 


25,4995 


St. 


.7149 


St. 


.8809 


St. 


Position B 




Position D 




Taro 26.3304 


St. 


Tare 26.3304 


St. 


25,5940 


St. 


25^4975 


St. 


,7864 


St. 


,8829 


St. 




station 4 






Position A 




Position C 




Tare 26.3004 


St. 


Tare 26.3804 


St. 




St. 


a5>S3QQ 


St. 


,7654 


St. 


• 8604 


St. 


Postion B 




Position D 




Taro 26.3804 


St. 


Tare 26 • 3804 


St. 




St. 


SS«.i21S 


St. 



cr» 



ST. 



8319 



8869 



A - 4 



Position A 
Taro 26,3004 
OS-fTflOQ 
.0134 

Position B 
Tara 25,5004 
3S^S4flS 
.8319 



Soction I 
Station 5 



Position C 





Taro 25.3004 






a5>5Q-is 


GT. 




.87S9 


GT. 




Position D 




ST. 


Tare 36,3804 


CT. 




25.491B 


gr, 


sr# 


.8889 


gr< 



A - e 



Section 2 



Manotaator Ecadlnga (Water) 



Air SuiTply 


A o 


17,8 CO, 


HnO Av, Tecro, « 32,5° 


Oas SuTaply 


A p * 


7,5 CD, 


Arr, ’Sacip, «* 32.0° 


Air Boundary 


Ape* 


9,75 or. 




Gas Boundary 


A p * 


9,75 CD, 


Hal^t - 6,627" 


Air Suyaly 


(Total ppQsaura “ 760,7 tan, Hg, 



Si.“5>lor Position Ho;idin^ 



Station 1 




Station 3 


lop Roading 


4.315' 


Top Roading 


Plus, Radius 


1.91Q 


Pluo Radius 


Position A 


6,228" 


Position A 




.500 




Position B 


6,728" 


Position B 




.500 




Position 0 


7,228" 


Position C 




,600 




Position D 


7.728" 


Position D 


Station 2 




Station 4 


Ton Hooding 


4.320" 


Top Roadlng 


Plus Radius 




Plus Radius 


Position A 


6.330" 


Position A 




.500 




Position B 


6,730" 


Position B 




.500 




Position C 


7.230" 


Position C 




.500 




Position B 


7,730" 


Position D 



4.3G6" 

L^m 

6 . 245 ^ 
,500 
6,745' 
,500 
7,245" 
,500 
6,745' 



4,320" 

x»m 

6,23Cf 

,500 

6,730" 

,500 

7.230" 

.500 

7,730" 



A - G 



Sec 



:lor. 



S^cL^i.ori 5 



‘Top Reading 


4. 220= 


Plus Radius 


1»91Q 


Pool ti on A 


6.200” 




.500 


Pooitlon 3 


6.730” 




.500 


Position C 


7.230" 




.50C 


Position D 


7.730« 



A - 7 



Gf. jtior u 

Pitot 7i\be P-G'vlin^g 



Station 1 



Position A 


M 


12*4 




HgO « 9*1 


PooitioTi 3 


OB 


12*5 


ai. 


H*0 - 9*2 


Position C 


sr: 


12*6 




VjG m 9,3 


Position D 


m 


12*6 


cri. 


HaO - 9*3 


Strtion 2 










Position A 


n 


13*5 


CLU 


h|gO ® 9*3 


Position 3 


c 


U3.1 


cru 


KjP ■ 8*9 


Position C 


m 


U*0 


csm. 


KaO - 8,1 


Position 3 


- 


11*0 


cm. 


EaO « 8*1 


Stntion 3 










Position A 


«■ 


10*3 


cm. 


HsO - 7.6 


Position 3 


vs 


9.8 


cm. 


m 7*3 


Position C 


m 


10*1 


cm. 


HaO - 7*5 


Position 0 


Cl 


10*0 


cm. 


HgO ■ 7.4 


Station 4 










Position A 


m 


10.2 


cjm. 


Pj^O -7*6 


Position B 


m 


lO.O 


cm. 


HgO *» 7*4 


Position C 


« 


10*2 


cm. 


HgO - 7*5 


Position D 


m 


10*0 


ei. 


n^o *8 7*4 


Station 5 










Position A 


cs 


10*4 


cm. 


HaO ■ 7*7 


Position B 


fC 


10*4 


cm. 


HaO « 7*7 


Position C 


E3 


10*3 


cm. 


HaO a 7*6 



- lO.l C2CU HaO ■ 7.6 



m. + 7'1-G.O » 755*1 rru hg. 
nn, h^. + 7^*0 “ -755*2 m* hg, 

m, hg* + 746*0 «■ 755*3 cn* hg* 

m* hg, + 746*0 ■» 755*3 Ln. lig* 

m* lig* + 746*0 " 755*2 m, bg* 

m, hg* + 746*0 » 754*9 an. hg* 

nil. hg* + 746*0 ■ 754*1 nrn. hg* 

ITT* hg* 746*0 • 754*1 nn* hg* 

i3n* hg* <f 743*5 ■* 751*1 on* bg* 

an, hg* <f 743*6 " 750*8 an* hg* 

m* hg* + 743*5 ■ 751*0 m* lig, 

ur.1, hg* + 743*5 " 750*9 nn, hg* 

m* hg* + 743*5 « 751*0 m, hg, 

an. hg* + 743*6 “ 750*9 on, hg, 

!tn, lig* + 743*5 « 751,0 on, hg, 

m* hg, + 743*5 «« 750,9 nru hg, 

nn, hg, -f 743,5 ■ 751,2 lh* hg. 

cdu hg* + 743,5 ■ 751*2 na, lig. 

m, hg* 743*5 ■ 751*1 m, hg, 

on, hg* 743*6 ■ 751*0 m, hg* 



Position D 



A - b 





Saapla 


Station 


1 




A 


3300C + 


073 


B 


330 C + 


OTJ 


C 


330 C + 


373 


D 


330 0 + 


273 


Station 


2 




A 


32.5*0 + 


273 


B 


32 . 50 c + 


273 


C 


32.000 + 


273 




25.000 + 


273 


D 


33.000 + 


273 


Station 


3 




A 


31 . 50 c + 


073 


2 


31.000 + 


273 


C 


30. 50 c + 


273 


B 


30.000 + 


273 


Station 


4 




A 


29.000 + 


273 


B 


29.000 + 


273 


C 


28.500 + 


273 


B 


28.000 + 


273 


St^tion 


5 




A 


26 . 50 c + 


273 


2 


27.000 + 


273 


C 


2G.0OC + 


273 


B 


C5.0OC + 


273 



Section 3 

^en^ratUTQ Rendin^js 

a 306OK 
« 306®K 
« 3O0OK 

- 3069 K 

■ 305. 5°i: 

- 305. 5°K 

- 305.001 

o 298 . 0 OK 

« 305 . 0 OK 

- 304. 5«K 
« 304.0=>K 

- 303.SOK 

■ 303 . 0 OK 

« 302. 0®K 
« 302.0OK 
» 301.5OK 
o 301. 0®X 

■ 299. 5®K 
» 300.0°K 
« 299.0OK 
«* 298.0^ 



• FiStluatod 



A - S 



3©otion 4 
Calcrolatlona 

!• Corrocuion of for Prosooro i:ind Tourporaturo Ckm^os: 

ITow: 

, PiTs 

c^nd since the volima of tnnplo wno constant 1570 nay ;rritei 

*pjji 

m ~~ X Tfa tsUiore W denotos tTeight# 

Lot ’*’7^** bo TTOi^it obtained fran tlio bootIo 'jfeishin^g and 
be the sanplo corrected to standard conditions* 

• • Tcsre Air Sanple xrt# =. ^ 

/. !7x B aSQ S S32*5 3 0.0063 « 0.990 crs. 

7'i6 3 : 273 

Slnilarly wo got: 



Station 1 








Station 0 






A 


m 


0.7<K 


gr. 




A 




0.806 




3 


B8 


0.920 


sr« 




B 


- 


0.886 




C 


«8 


0.992 


fiP. 




C 


cs 


0.990 


gr# 


3 


m 


0.991 


s?. 




D 


- 


0,991 


gr# 


Station 


2 








station 4 






A 


C3 


0.744- 


cr. 




A 


0 


0.856 


gr# 


D 


s: 


0.874 


Sr. 




B 


m 


0,896 


gp. 


C 


SI 


1.066 


SP* 




G 


BC 


0,964 


gr* 




m 


0.909 


s?. 




D 


tt 


0.909 


gr^ 


D 


0S 


0.991 


£pf. 


















Station 5 


















A ■ 


0.90L 






0 ■ 


0.971 gr# 








B >» 


0.925 






B » 


0.980 gr* 



A - 10 



Soctlon 4 

II, Calcul'^tiona of porccnt fool [p.3 in ocraple. 

i Fuel Gba •* ^ iUalfl , loo 



St^,tlon 1 

A ■ lOO.OT* 

B « 

C « O.OSa 

D « 0*0^ 

Station 2 

A m 99, li 

B - 46,95? 

c o o.e;? 

D a 0.05? 

station 

A 

B 

C 

B 



Station 3 

A « 74,35? 

B a 42,2^ 

0 - 0.^ 

B a 0.05? 

station 4 

A - 54,25? 

3 « 38.15? 

C ■ 10.05? 

D a 0.3,1 

« 36,15? 

a 26 .^i 

« o.o;? 

a 4.45? 



I 




I 



1 





< 



f 



■ ' ■ 



T 




8084 



Thesis 

iM89 Mu 1 lane 

An apparatus for the 
study of the turbulent 
diffusion flame. 
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M89 Mu 1 lane 
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study of the turbulent 
diffusion flame. 
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